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: 

CLAIMS: 

I : 

: j . 

1. Spectral interf*ometry apparatus, comprism^***^^ 
excited by an optical.soutce, Ihe said interferometex pon^iising: 

object optica arranged to transfer abeam ftmji fbe optical sourcfe to a target 
object to produce an object beam; 

reference optics arranged to produce a referej^beam; 

displacing means arranged to displace at least one of me object beam and liie 
reference beam to produce a relatively displaced objectbeam and a relatively displaced 
reference beam; 

wherein there is an optical path difference between tife relatrvefy.displaced 
object beam and the relatively displaced reference bjeam generated in t$e mterferometer, 

and .■' # . 

optical spectrum dispersing means arranged ,to receive the tvra^vely 

displaced beams, and to disperse their spectral content onto a reading Element; 

wherein inuseme combination of me displacing means and me optical spectrum 

dispersing means is arranged to create an intrinsic cjptical delay between me wavetrains 

of the two relatively displaced objectbeam and the Relatively displaced reference beam 

wmchcanbeusedwimtheopticalpamd^ • 

channelled sp ectrum for the optical path difference in ihe mterferometer on the reading. 

element; and 

wherein the displacing means is adapted to Relatively displace jhe object beam 
andfeereferencebeamtoproto 
relatively dispW reference beam usir^o^ 
or refraction of at least one of the objectbeam and me reference beam, 

2. Spectral mterferometry apparatus according to Claim 1* wherein the displacmg 
means comprises at least two reflective elements, <|ne of said at least jwo reflective 
elements being arranged to reflect the object beami and another of said at least two 
reflective elements biing arranged to reflect the reference beam. 

■ 

3. Spectral interferometry apparatus according to Claim 1, wherein the displacing 



best Available c6p % 
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means comprises at least one optic-optic modulatory 

an mterferometer adapted to be 



LtedbVanc*ticalsou^^^ 
ol?iect»pK>*»«" ,6, 'i 0Ctbos,n; ■ I ' 

reference beam; . J 

wheremfhereisanoplic^^ 

object beam andmerelafivelydisp^^ 

herein in use the combination of me displacing means and the optical spectrum 
dispersinsmeansia arranged to create n^M^h^^™^ 
of me t™ relatively d^ 
wtfchcenbeusedwifethe^ 

eb^led spectrin^ 

element; and j:. m^jm-. 

wherein theobject optics includes object fibre optics comprising an object fibre 

end arranged to transmit the obj ect beam and the, reference optics includes reference 
andfhedisplacfcgmeansis 

end and the reference fibre end in order to produce the relatively displaced object beam 
and the relatively displaced reference beam 

S spectralinterferometry apparatus aocord^to.a^^ 

means is further arranged to produce the relatively displaced object beam and me 

relatively displaced reference b earn by a combi^onofmovmg the relative posrfions of 
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^object fibre end a*^ 

reflection, deflection, and refraction. j 

'« Spectraltoterfer^ 
excited by an optical source, the said interferometer compiling: 

object to produce an object beam; 

reference optics arranged to produce a reference beam; 

displacing means arranged to displace at leW one of the object beam and toe 
^encebeamtoproduceaxelativ^ 
reference beam; 

wherein there is an optical path difference between toe relanyely placed 

objectbeamandtoemlativelydi^^ 

and I * 

optical spectrum dispersing means arranged to receive, toe twj> relatively 

displ*cedbeams,andto disperse ^ cc^.-to ■ 

wherein innse toe combination of toe ^^^^<^^^ 
oisperatogmeana isarrangedto create an intrinaie optical deUy between toe wave^ 
of toe two relatively displaced object beam and toe relatively displaced mference beam 
wmchcanbcuaedwitotoeopticalpatod^ 

channelled spectrum for toe optical path *B^±****^**~*« 

element; and . , , 

wherein one of toe object optica or the reference optics includes fibre optics 

compriaingafn^endarrang^^ 

referencebeani.^ 
objectbeamandto^relativelyd^ 

7 special inierferometry apparatus according to Claim 6, wherein the displacing 
means is further arranged to produce toe relatively displaced object beam and toe 
relatively displace* reference beam by a combi^on of m^^ 
one or combination of reflection, deflection, and refraction. ■ 
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otfecteemi ajrifherejerer.ee beam. 
,0 Spec^toreriiomet*.^ 

processing means. : 



12. 



Spectral micrometry apparatus accordi^tp any precedmgpamV 



wherein the 



rang* within the target object 

,3. Spee^Jfexome^W^-or^toC^^^^^ 
is ^ to ^^^^ey^^^d^o^e»eflb. 

^vely aiaeUced iW~t !- mt - redely .topUeed refaene. be«L 

14 Sp^interferomet^ 

ol^— A^^p-— ^"«^^ i,,4l,,i 

relatively msplacedUference beam with that of the optical dispersuag means. 

15 Spectral interferometry apparatus accord^ to any preceding claim, farther 
comprising means *> compensate for dispersion m the mterferometer. 
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th. ratativdy dispta** reference ta« in a displacement plane. 

^taKrfen»»etry accordindtoCUn, JS.^tMdi^cfag 

„Uad V tedtop^adjv^toftoiaM4aIya^^»W^*^'^ 11,fi 

^dydiaplacedreW^an**^^ 
plane. 

18 Spectral mterferometry apparatus accordingto Claim 16 or 17f whereinthe 
di^acement moans is arrayed to permit 8a 
relatively displaced b^mthe displaced 

dispersingmeansmoWtetoen^^ 
difference vafces,,^ 
total overlap. 

19 spe^mterferometryaroaratusaccordm^ 
diiplaeingmeans is adapted to relatively onemm^ 

Iherelativelydi^ 
optical spectrum di4asmg meai,a * 

20. Spec^mtif*^ 

herein the optical spectrum dispersing means comprises any one of or cOmbmataon ofi 
a difflaction grating aprism; a gronp of prisms; agroup of diffraction gnrfngs. 

21 Spectral mterferomenr. apparatus according* Claim 20, wherein the optical 
dispersmgmeans comprises a di^ 

di^non grating .re perpendicular to a line connecting the c^tre ofthe relahvely 

, dispWreferencebea^^ 

22 Spectral interferometry apparatus accordingto Claim 21. wherem the optical 
spectrum dispersing means comprises aprismMudh**^ 
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to " — is to V** to to —» 

the displaced object beam, is wiuun me 

Burfece of fbis prism and its bisectrix. 

preyoot UgK fam bdifs «** bu* to to oOticrt «*te«- 
of the object beam, : 

displaced objcot beam. 

diameter of the reference beam. 

^oo^^^^^ to ^ to ^ 
displaced reffercaice;beani. 
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i i- * * 

the said reading element 

! \ 
: ' ! ."•■•'•* i • . 1 

3l Spec^irferiU^ 

partially onllxe saidrsadiag element and partially the aaidoptical ^ectnm 
dispersing mesas. 

values- I 
33 Sp^ interfere «PP^»^^ 



34 Sp «mdtaUrf^e« I y. TO ^ac^ 

^*^l^^«-^ ,, t ,,,,,,, ™^*- ,,l-i * 
betes «mmged to scan flwttrgotoyeet j 
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35 Spectral mterferometry apparatus acoordi^ Claim 34, wh^^^a^g 
dementis arrange* to perform any one of comb^ofi^^^ 1 ^ . 
scanning; elicoidal scanning; circular scanning; or fny other random ^aped scanning. 

• i 5 ^ 

36 Spectral interferometry apparatus according to any one of ^frecednig claims, 
further comprising fo^ elements* foe object^ 

from a particular depfo within the object j. 

37 Spectral foterf^rometiy apparatus acoording to any one of the preceding claims, 
wherein the interferometer comprises an in-fibre ok a bulk interferometer or a hybrid 
interferometer of m-fibre and bulk components. j 

38, Spectrtdinterferom^ 

where Ihe aaid optical source is a low coherence sburpe. 

39 Spectral interferometry apparatus accordhlg to any one of the preceding claims, 
wherein the said reading element compriseB: aphi>todetector«ray; a CCD;linear array; 
atwp dimensional array of photodetectors; a two dimensional CCD array; or apomt 



photodetector over which Ihe dispersed epectrumis scanned. 
' • i: 

40. Spectral interferometry apparatus according to any ptecedm| claim, former 

* beamsphttitemeansarrangedtomod^^ 
heam and to produce a second object beam and a second reference t>eam; 

second displacing means arranged to displace at least one of the second object 
beam and the second reference beam to produce* second ml^ cbject 
beam and a second relatively displaced referenc?beam, 

sccondoptical spectrum diijpersmgmeaijs arranged to receive foesecond 
relatively displaced object beam and the second jrelauvely displaced reference beam, 
and to disperse their spectral content onto a second reading element; 

wherein in use the combination of the sebond displacing mpns and foe second 
optical spectrum dispersing means is arranged tj> create a second intrinsic optical delay 
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^on, detection «d «**•*»<** on. of «oob4 ob,«»*c™ 
second reference "beam. 



42, Spectral interierometry apparatus according to any 



one of claims 40 and At, 

wL*mIe^^ 

oriented in such way that in combination with thdr respective redely placed 

objectbeam andrelatively S^*^^**^*^*"" 
from the optical spectrum dispersing means an^ 
exhftUmtimsiedi^ofopposh^Bign. j ;: 

43. ' Spectral interfere*^ 
Oaiml2oranyclan*depe^^ 

arranged to provide a signal to a second signal analyser, the apparatus being arranged* 

provide aproffle of bflec^^ 

covermgbomsigas^^ 

the signal analyser and the second signal analyser. 

I i 

dtapesto* comprise. . difltaorionjsr.tNS or grrf** 

e lemmt^<h»sridaeoondraidingdemett. ! 

i S • 

45 Spectral Urferometry apparatus *caJp\o^&-^?»^ 
dispersing means and the second optical dispersjng means each corrrpriees one or more 
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means. 

47 Spe^mterferon^ 

COmPn Zdb e am spjittingmeans -w^*^^!*^^ 
Mlic^spcwlnnndiBpereins means, the beam5pUttogin^b^a|n«ng^to 
therelatrvely displaced object beam and the redely displaced reference be^t to 
pn^athimiel^ 

reference beam; , . • ? ^ ^ 

third displacing means arrange* to adjuat thexelative displacem^^f at least 

oneofthefhimrelaiivcl^ . 

reference beam; \ • - 1v 

third opticalspectrum dispersing means arranged to recerye me tb^ 
dispW objectbeam and the Ihlrd relatively placed re^be^iand to dtsperse 
their spectral content onto a aecond reading elemjent; 

wherein in use the combination of the third displ^ingmeans and the Urn* optical 
spectrum dispersingmeans is arranged to create k third mtrinaic optical delay between 
the retrains ^WtO^^B^^^^^^^^ 

interferometer to g^ 

interferometer on the third reading element j 
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48 . Sp^ta^^W^"^^ 4 ^^^^ 
H . " ^ .^uJLi^ninijDf at least one of the 



relative ' 



displacing means is i — ^ - . ^ 



fluid relativi 

using one or a combination of reflection, deflection 
thirdrelatively displaced oyect^andfheihJidlcelativelytH 



49 Spectralintetf^ornetry apparatus according 1 ^s«^fi*^> 

^toalaw-^^^^'^* - ^^^^ 
means of an optical duplicating element 



and refiaction of at leastone of the 



50 Spectralinterferometryappar^ 

duplicating element combes a first single mode Coupler whose cubits are ejected 
inputs tf...^^-— «^^^^^^ ,C 
the optical source. 

51 Sp«triW«rf*m^W^<»^ 

CWm 16, whc»o ft. opticd dupHc.tt.g elemorf •*™*™^!*~ 

said displacement piano. 

. - !:':.:!■ : 

52. Spectral mterferometryappara^ 

source is a low coherence source comprising a la*er driven below threshold. 

53 A spectral imerferometiy method, comprising: . 

uriBganmterferometertooutputanobje^ 

^fleeting, deflecting ox refract 
referenceheaminorder to relatively displace at Mstoneoftheol^beamandlhe 
reference beam to produce a relatively displaced object beam and ajrelatively placed 
reference beam, where* there is an c-" ~* between the relatively 
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md the relatively displaced reference beam gene*** "fa the 

i -• 
ively dispkcedbeaJ accoito to thefrloptical specif 



displaced object beam 
interferometer, 

dispersing the two relative] 
content onto a jading element using an optical specfrum , ^ 

wherem^con^onofrefle^^ 
andsaidreferencebeamtop^ 

path difference in the interferometer. 

54 A spectral intexferometry method, comprising *n ixker^omet|r adapted*, bo 

exofted by m optical so^e, me said mterfer^ 

reference optics, the method comprising: ; 

^the object optiostoW^ 
object to produce an object beam; 

using reference optics to pro^ . 

us^d^lacmg means to di^^ 

^erencobeamtopro^ 

wherein there is an opticalp^ diflb^ejbetween the relatively placed 
oojeotbe^andmelrelatWelyd^ 

^ usmgopticalspeetrumdispersmg 

beams, and to disperse their spectral content onto a reading element; 

wherein the combination of the displacing means and the optical spectrnm 



dispexsingme^iaarrangedto create anmtri^ 
ofmetworelauvelyd^ 



beam 

,ie in the mterftrontoter to generate ft 



which can be used with the optical path different 
c^eUed spectra for the opncalpa^d^ 

element; and 
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reference optie^ the melhodcompririw. ! 1 " u 

produce an object beam; 

^referemaopticJtopioducc.ieta^ i 

^eeLe^tacrto^^^^y^eeedo^e^Wand*. 
relatively i 
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1o Claim 55, further comprising 



56. A spectra ^T^"-. ^wiveiyidisplaced object beam and the 
using, the displacingmeans to prodnce the ^ V J£^ positions of 

xelanvelydispl^ 

reflection, deflection, sndieftaetion. 

i: : • • • 

produce an object beam; 

^sing reference optica to produce a refcmice beam; 



using displacing means to displace at least one 



• arelatively displaced object beam and *r*>mveiy displaced 



i of me obj ect b^am and the 



jnterferometcrj 



reference beam to produce 
object beam Mod the relatively di« 

d^fled apedrum for the optical path difference > to m t «fetome te ronttore« M8 
dement; and 



wherein one 



and the 



relatively displaced reference beam by movement of fce fibre end. 
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58. A spectral . rclative iJ displaced object beam and the 

using tie displacing means to produce the relative^ w p \ ' ' AtmAmf 

r^ely*^**^^ 

. oombinatioii of reflection, deflection, and refraction. 



one or < 



59 AsoectralintedBaometryme&odaccordmg^ 
the object beam and the reference beam. 



60. 

further 



A spectral interferometry method according to any one of Claims 54 to 59, 

" difference in the mterfjeromeiter. 



61 A spectral interferometry method according to any. one of Claims 54 to 60, 
further comprising controlling the mtrmsicoptieddekybe^f^^^ , 
displaced objectbeam and the relatively displaced' wferehce beam. • 



62. A spectral iijterfisrometry method according 
using processing means to control the optical pall . 



• * 

to any one of Claims 54 to 58, 



to Claim 61, finder comprising 
difference ia*A the intrinsic optical 



means. 



63. A spectral interferometry method accordi^ 
further comprising wing the reading elemectto 
and using the signal janalyser to determine the di 
points in a depth range within the target object 



to any one of CSdms $4 to 62, 
provide a signal to a signal analyser, 
distribution of reflections or scattering 



diameter of at least 



64. A spectral interferometry method according to 
adjusting the 
displaced object beam 

65. A spectral interferometry method according *> 
fbrther comprising using means to 



> match the poilarizati* 



Claim 63, fu^er comprising 
one bf the relatively 



anyone of 6laixns 54 to 64, 
ion of the relatively displaced 



i 
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66. A spectral interferometry method according 
further comprising using means to compensate for 



to any one of Claims 54 to 65, 
Aspersion in the fctferf brometer. 



67. A spectral mterferometry method according 
further comprising using the displacing means to r« 
displaced object beam and me relatively di 
plane. 



68. . A spectral interferometry method a<5cordini 
means adjusts the relatively displaced obj 
beam until they become parallel in the displacement 



abject beam and the 



69. A spectral mterferometry method according 
displacement means adjusts the lateral superpoaitipn 
beams in the displacement plane onto the optical 
enhance the strength of me signal for small optic 
lateral superposition is from partial superposition 



FCT/GB2004/0043S1 



tp anyone. 

of Ciam* 54*o 66, 

dfctively orimtfb^'MatiYely 

in a displacement 



displaced fcefereoce beam l 



to Claim 67/whe^tbe displacing 
■relatively displaced reference 

plan^ 



to Claim 66 or 6% v/befeZti the 
offhatwdi^ 

. s 

in order to 



to a total overly. ]. 



70 A spectral interferomeuy method according to any one of Claim* 54 to 69. 
wherein the displacing means relatively orients ttjc relatively displaced object beam and 
the relatively displaced reference beam such that fhey hit different portions of me 
optical spectrum dispersing means. 



71. 



; are perpendicular 



wherein the optical spectrum dispersing means 
grating lines of the diffraction grating 
of the relatively displaced reference beam and the 
object beam. 



any one of Claims 54 to 70, : 
comprises a difflaction grating, wherein 
to a line connecting the centre 
centre of the relatively displaced 
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and the centre of the displaced objectbeam, is Wiethe pl^c defined by thenonml to 
the entrance surface of this prism and its bisectrix. 



73. A spectral interferometry method according 
wherein the reference optics comprises at least one 
reference light source by reflecting abeam of the 
comprising adjusting the position or tilt 
path difference of the relatively displaced object team 
reference beam. 



; of thexeflfectbr 



to any one of Oajms 54 to 72, 
reflector arranged to provide a 
Optical source, 'the ilaefhpd further 
in orderto cctotrolthe optical 
and the relatively displaced 



74. A 
former comprising using a 
of the object beam. 



first zoom element in the 



75. 



A spectral mterferometxy method according to any one ofCJfims 54 to 74, 



farther comprising using a third zoom elementto 
displaced object beam. 



according to any one of Claims 54 to 73, 

! object optics to ktertiie diameter 



alter the diameter Of the relatively 



Dfdaims54to74, 



76. • A spectral interfferometry method according to any one ol 
farther uprising using a second *oom element in the reference optics to alter the 
diameter of the reference beam. 



77. A spectral interferometry method according 
further comprising using a fourth zoom element 
relatively displaced reference beam. 



to any one of CJaima 53 to 76, 
arranged to alter the diameter of fire 



78. A spectral interferometry method according 
Wherein the placement means creates an 



to any one of Claims: 53 to 77, 
adjustable gap between the two relatively 
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displaced beans in order to adjust the minimum 



optUi path difference value ft* wKch 



a modulation of the 



optal specttmn could be .eo«d «* *• K»du>S d« Mlt 



the said reading element 
dispersing means. 

jRirther compiismg? 

^tag t*™ split** m— » **** * e * ,n ' 

mterferometer on the second reading element 
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83. Aspectralinterfe^ 
displacing means ] 



relatively displaced reference beam by using one or 



PCT/GB2004/004351 



produce the second relatively displaced objectbeatn and the second ; 



a combination of reflection, 
of the Becond object beam and tiie second 



deflection and refraction of at least one < 
reference beam* 



84 Asp^^^mc^r^^^^^^^ 
uprising orienting the optica! spectruna ^.p^m^^ s^nd^ . 
dispersn^meansms^^ 

a^Wobj^be^^drelativelydisplacedrefere^ 

fcea^ffcmlheoptica!^ ' 
dispersing means exhibit intrinsic delays of opporite sign. 

85 A-ectralh^erometryrnethodac^rdh^to 
ClaunoSoranyolaimdep^ 

provides asignal to a■^^^^^^^ I,W ** , 
profile of reflectivity Ve^^ 
signs of optical path difference values onthebasis of s 
analyser and the second signal analyser. 



86. Asperfralinterito^ . 
whereinasignal output of 

issenttoaseparstefiwiuencytoarnpHtad^convext^ 1 

t^the output of one frequent 
oflheo^freo^cyto^htadeconverterin^ 

p^rtioualtofcessialpos^^ 

87 A spectral interferor^^ «V one of Claims 82 to 86, 

farther comprising: JA 
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the relatively displaced reference beam, and to produce a third relatively displaced object 
beam and a third relatively displaced reference beak; 

using third displacing means to adjust the relative displacement of at least one of 
the third relatively displaced object beam and the third relatively disp^reference 

• beam; ;■' 

using third optical spectrum dispersing meifns to receive the tijkd relatively 
displaced object beam and me third relatively displaced reference beak and to disperse 
their spectral content onto a second reading element; 

wherein in nseithe combination of the third, displacing means |nd the third 
optical spectrum dispersing means is creates a thir i intrinsic optical d>lay between me 
wavetrains of the third relatively displaced object beam and me thml relatively 
displaced reference beam which can be used with jhe optical path difference in the 
interferometer to generate a channelled spectrum for the optical path difference in the 
interferometer on the third reading element 

• * , i 

88 A speoUalmterfercnnetry according to Claim 87, whejranthemitd , 

displacing means adjusts the relative displacement of at least bne of the mhd relatively 
displaced object beam and the third relatively displaced reference beam using one or a 
combination of reflection, deflection and refraction of at least one ofHhe third relatively 
displaced objectbeamandmethimrels^^ 



according to 



89 A spectral intarfexwnctry method 
further comprising using a source that is a low 
send with a delayed replica by mean* of an 



any one of Claims 82 to 88, 

cotiexence source the joutpot of which is 

i. 

optical duplicating element 



90. A spectral interferometry method according 
arranging flic signs! analyser and the 
main peaks are retained in total in the accum 



and the second signal analyser; and dete r m ining 
of the difference between the maximum and 
arising at the output of one of the 



to Cki?" 85, further comprising 

•a way that only two 

signal' 



second signal analyser in such 
lUlated 



1 he thickness of the! object on fhebasia 
frequency of the two peaks 



when 
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bo other signal exceeds a threshold at the output oVthe other of the si, 
the second signal analyser. 

91 A spectral frterferometxy method according to Claim 85, further comprising 
arranging the signal analyser and the second signal analyser* such a^ayti^ 
main pea ks are retained in total in the accumulated signal output of the signal analyser 
and the second signal analyser, and determining thb thickness of me c^bject on me basis 
of me sum of the extreme frequencies of the signal ai^yser and me s^oond:signd 
analyser when the signal exceeds a threshold only * ' " 

signal analyser and the second signal analysar. 



onbe in the output bf each of the 



92 A spectral intexfercmetry method according to Claim. 90 or 91, further 
comprising using a fcresh-holding circuit mounted at the output of each of the signal 
analyser and the second signal analyser to discard non-essential peaks which represent 
noise and peaks fromthe target object of smaller amplitudes in such away mat only two 
main peaks are retained in total in me accumulated signal cutout of me signal analyser 
and the second signal analyser. 

93. Spectral toterferometry apparatus, comprising an interferometer adapted to be 
excited by an opticalisource, the said interferomei er comprising: 

a first opticalpaih leading from the interferometer to a targetjobjectj 
a second optical path leading a reference l}ght beam to displacing means; 
interfece optics adapted to transfer an optical beam from the Ibptioal BO urce to the 
target object along me first optical path, to transfer an optical output: ; beam from the 
target object back to ;the interferometer along me jsaid first optical p^rn, and* to transfer 
said optical output bteam along a third optical pain to the displacing toeans to produce an 
objectbeam; 

reference optics adapted to transfer the reference beam to the displacing means 
along the said second optioal path; 

the displacmg ;means being adapted to reject the object beam and Preference 
beam m order to relatively displace the objectbeam and the retemfr beam to produce 
a relatively displaced object beam and arelativeW Placed reference beam, wherein 
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tthb 



content 



there is an optical path; difference between the relal 
relatively displaced reference beam generated in 

optical spectrum dispersing means adapted 
displaced beams, and to disperse their spectral 

wherein in use:the combination of the difcpl&cing 
dispersing means is arranged tb create an intrinsic 
of the two relatively displaced object beam and the 
which can be used witjh the optical p; 
channelled spectrum for the optical path difference 

element, and 

tDroceseins means adapted to control the 
relatively displaced object beam and the 
interferometer as well as the intrinsic optical path difference 



it vely displaced objbct beam and the 
interferometer; 
x> receive the two relatively 
onto a reading element; 
means and the optical spectrum 
i optical delay betw4*n tiie wavetrains 
relatively displaced reference beam 
in the interferometjar to generate a 
in the interferometer on the reading 



relatively) displaced reference bea^ 

between; the same beams* 
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